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Mathematical Model 
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The	Biggest	Loser	Competition
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Body Weight

Fat Mass

Biggest	Loser	Data	&	Model	Simulations
At HomeIsolated on Ranch
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R2 =0.85 

DL Johannsen et al. JCEM 97(7):2489–2496 (2012) 
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Body	Weight	&	Fat	Mass
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Resting	Metabolic	Rate	Remained	Low
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Spring	Model	of	Metabolic	Adaptation



Metabolic 
Adaptation
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Spring	Model	of	Metabolic	Adaptation



Metabolic Adaptation
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Spring	Model	of	Metabolic	Adaptation



What	about	Regulation	of	Food	Intake?

Calories InCalories Out

??
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Leptin, etc.
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Mathematical Model 
of Human Metabolism

Baseline
Demographics &
Anthropometrics

Calorie Intake Body Weight

Math	Models	to	Calculate	Calorie	Intake?

Body Fat

Calorie Expenditure
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Caloric	Restriction	for	2	Years

N=140

A. Sangvhi et al. Am J Clin Nutr.102:353-358 (2015)
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Leptin, etc.

How	can	we	Perturb	Energy	Expenditure?

??
Calories InCalories Out
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Leptin, etc.

~90 g/d 
glucose

Calories InCalories Out
??
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How	can	we	Perturb	Energy	Expenditure?
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N=153 adults with
Type 2 diabetes treated 
with 300 mg/d canagliflozin

D. Polidori, A. Sanghvi, R. Seeley, K.D. Hall. Obesity, 24:2289 (2016) 28
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Leptin, etc.

Regulation	of	Body	Weight

Calories InCalories Out

~20-30 kcal/d 
per kg

~100 kcal/d 
per kg
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Typical	Weight	Loss	with	Lifestyle	Change	
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Mean ± SE

N=211 clients of Weight Watchers

Data from S. Heshka et al. JAMA 289:1792-1798 (2003) 31
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Corresponding	Calorie	Balance	Dynamics

32

Exponential decay
of diet adherence!

Calorie Intake

Calorie Expenditure
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Interpreting	Lifestyle	Weight	Loss	
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Leptin, etc.

Homeostatic	Regulation	of	Body	Weight
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Homeostatic	&	Hedonic	Food	Intake
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Neural	Correlates	of	
Hedonic	Food	Inference	
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Ventral Pallidum Orbital Frontal Cortex

WK Simmons et al. Brain Structure & Function (2013)



Cortico-Basal	Ganglia	Networks

Adapted from  HH Yin & BJ Knoweton. Nat. Rev. Neurosci. 7:464-76 (2006).

Thalamocortical
network

Basal ganglia

Midbrain

Ventral 
striatum

DA neurons

Ventral 
pallidum

ThalamusOFC

Limbic S-O Network

Reward &
Motivation



Cortico-Basal	Ganglia	Networks

Adapted from  HH Yin & BJ Knoweton. Nat. Rev. Neurosci. 7:464-76 (2006).

Ventral 
striatum

DA neurons

Ventral 
pallidum

ThalamusOFC

Limbic S-O Network

Reward &
Motivation

Dorsomedial 
striatum

DA neurons

Associative
pallidum

ThalamusPFC

Associative A-O Network

Goal-directed
Behavior



Cortico-Basal	Ganglia	Networks

Adapted from  HH Yin & BJ Knoweton. Nat. Rev. Neurosci. 7:464-76 (2006).

Ventral 
striatum

DA neurons

Ventral 
pallidum

ThalamusOFC

Limbic S-O Network

Dorsomedial 
striatum

DA neurons

Associative
pallidum

ThalamusPFC

Associative A-O Network

Dorsolateral 
striatum

DA neurons

Motor
pallidum

ThalamusSMC

Sensorimotor S-R Network

Habitual
Behavior

Reward &
Motivation

Goal-directed
Behavior



45

Striatal	ROI	Dopamine	
D2/D3	Receptor	Binding	Potential

J. Guo et al. Mol. Psychiatry (2014)
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Dopamine	D2BP	Correlation	Patterns
with	Obesity	&	Opportunistic	Eating
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Dopamine	D2BP	Correlation	Patterns
with	Obesity	&	Opportunistic	Eating
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D2 receptor & BMI 
β-map
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β-map
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BMI: 18-45 kg/m2
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Dopamine	D2BP	Correlation	Patterns
with	Obesity	&	Opportunistic	Eating
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D2 receptor & BMI 
β-map

D2 receptor & 
Opportunistic Eating

β-map 
(corrected for BMI)
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